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(54) Method for producing magnetic recording medium 

(57) Described is a method for producing a mag- 
netic recording medium having a magnetic layer mainly 
composed of a ferromagnetic powder and a binder on 
one surface and a backcoat layer on the other surface, 
wherein said ferromagnetic powder comprises chro- 
mium dioxide and cobalt-containing iron oxide within the 
weight ratio (wt%) range of 40:60 to 70:30. and said 
magnetic layer is formed of a paint prepared by knead- 
ing cobalt-containing iron oxide and the binder at a solid 
concentration of 65% to 85% by weight, subsequently 
diluting the resulting product with the binder and a sol- 
vent then, adding chromium dioxide thereto, followed 
by stirring to obtain a mixture, and subjecting the mix- 
ture to dispersion, said magnetic recording medium 
being small in head abrasion loss and excellent in 
mechanical strength characteristics. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a method for producing a magnetic recording medium comprising a magnetic layer 
having cobalt-containing iron oxide and chromium dioxide as a ferromagnetic powder. 

BACKGROUND OF THE INVENTION 

10 Magnetic recording media for VTRs integrated with cameras, particularly for the VHS-C system, have a recording 
time limit of 30 minutes in the normal mode. In recent year, there are glowing expectations for magnetic recording media 
recordable for a longer period of time. In order to prolong the recording time, it is necessary to make magnetic recording 
media thinner. In this case, however, tiie problem is encountered that the mechanical strength characteristics of the 
media are deteriorated to result in tape folding or breakage thereof in their repeated running. For solving tiiis problem, 
15 some proposals to add chromium dioxide to magnetic layers, thereby improving the mechanical strength characteristics 
of the media have previously been made. 

That is to say, (1) blending of chromium dioxide in an amount of less tiian 40% by weight based on tiie total amount 
of feaomagnetic powder is proposed in Japanese Examined Patent Publication No. 55-28129, Japanese Examined 
Patent Publication No. 52-11207, Japanese Examined Patent Publication No. 7-46418, Japanese Unexamined Patent 
20 Publication No. 51-149007, Japanese Unexamined Patent Piijlication No. 57-46326, Japanese Unexamined Patent 
Publication No. 3-8691 7 and Japanese Unexamined Patent Publication No. 4-134721 . (2) blending of chromium dioxide 
in an amount of more than 70% by weight based on tiie total amount of ferromagnetic powder is proposed in Japanese 
Unexamined Patent Publication No. 49-55303, Japanese Unexamined Patent Publication No. 2-223012. Japanese 
Unexamined Patent Publication No. 6-176346 and Japanese Unexamined Patent Publication Na 6*208719, (3) blend- 
es, ing of chromium dioxide in an amount of 40% to 70% by weight based on the total amount of ferromagnetic powder is 
proposed in Japanese Examined Patent Publication No. 51-41801, Japanese Unexamined Patent Publication No. 54- 
161910, Japanese Unexamined Patent Publication No. 60-50727 and Japanese Unexamined Patent Publication No. 
60-89823. and (4) tiie specific amount of chromium dioxide added is not particularly described in Japanese Unexam- 
ined Patent Publication No. 60-50725. Japanese Unexamined Patent Publication No. 63-251923, Japanese Unexam- 
30 ined Patent Publication No. 63-271717. Japanese Unexamined Patent Publication No. 3-69013 and Japanese 
Unexamined Patent Publication No. 3-1 5781 1 . 

In the method of (1) described above, however, the amount of chromium dioxide is less tiian 40% by weight based 
on tiie total amount of ferromagnetic powder, so that tiie sufficient mechanical strengtii characteristics (dynamic buck- 
ling strengtii) can not be obtained in tapes for long recording (particularly, 40 minutes in tiie normal mode of the VHS- 
35 C system) to raise the problem of occurrence of tape damage. Further, in the method of (2) described above, the 
amount of chromium dioxide is more than 70% by weight based on the totaranrx)unt of ferromagnetic powder, which 
causes an increase in head abrasion loss. Furthermore, in (1) to (4) described above, all methods for preparing paints 
for magnetic layers are not studied considering the filling properties of the magnetic layers, and measures to obtain the 
sufficient mechanical strengtii characteristics in tapes for long reconding are not sufficient. 

40 

SUMMARY OF THE INVENTION 

It is tiierefore an object of tiie invention to provide a metiiod for producing a magnetic recording medium conprising 
chromium dioxide and cobalt-containing iron oxide, wherein said magnetic recording medium has a low friction coeffi- 
46 cient and gives the sufficient mechanical strength characteristics by improving tiie filling properties of tiie magnetic 
layer. 

In order to solve tiie above-mentioned problem, tiie present inventors have conducted intensive investigation. As a 
result, the present Inventors have discovered that ttie above-mentioned problem can be solved by forming a magnetic 
layer of a paint which is prepared by kneading and mixing a ferromagnetic powder containing specific amounts of chro- 

50 mium dioxide and cobalt-containing iron oxide by a specific method, tiius completing the present invention. 

That is to say. according to the present invention, there is provided a method for producing a magnetic recording 
medium having a magnetic layer mainly composed of a ferromagnetic powder and a binder on one surface and a back- 
coat layer on the other surface, wherein said ferromagnetic powder comprises chromium dioxide and cobalt-containing 
iron oxide within the weight ratio (wt%) range of 40:60 to 70:30, and said magnetic layer is formed of a paint prepared 

55 by kneading cobalt-containing iron oxide and tiie binder at a solid concentration of 65% to 85% by weight, subsequentiy 
diluting tiie resulting product witii tiie binder and a solvent, tiien. adding chromium dioxide thereto, followed by stirring 
to obtain a mixture, and subjecting the mixture to dispersion. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention le hereinafter descnlDed in more detail. 

The ferromagnetic paints for forming the magnetic layers and paints for forming the backcoat layers used in the 
5 present invention are desaibed. 

(Compounded Components of Paints for Forming Magnetic Layers) 

In the present invention, cobalt-containing iron oxide and chromium dioxide are used in combination as the ferro- 

10 magnetic powders. As to cobatt-containing iron oxide, it is particularly preferred to use CoT*Fe203 or Co-Fe304 of the 
cobalt coating (or adsorbed) type, or intermediate oxides thereof. There is no particular limitation on the shape thereof. 
However, tiie acicular form is more preferred because the longitudinal mechanical strength characteristics can be 
enhanced by magnetic orientation. The average major axis is preferably 0.05 urn to 0.8 ^m, and the average axial ratio 
is preferably 1 to 15. A longer average major axis or a lower average eudal ratio roughens surfaces of the magnetic lay- 

15 ers to increase head abrasion. On tiie other hand, a shorter average major axis or a higher average axial ratio lowers 
the dispersibility of the paints to deteriorate the mechanical strength characteristics. The specific surface area (BET 
value) is preferably 20 m^/g to 45 m^/g. A specific surface area of less than 20 m^/g roughens surfaces of the magnetic 
layers to increase head abrasion, whereas exceeding 45 m^/g lowers the dispersibility of tiie paints to deteriorate tiie 
mechanical strengtii characteristics. 

20 Chromium dioxide is preferably contained in an amount of 40% to 70% by weight based on the total amount of fer- 
romagnetic powder. Less than 40% by weight can not provide the sufficient mechanical strength characteristics, 
whereas exceeding 70% by weight causes an increase in head abrasion. For the same reason as with cobalt-containing 
iron dioxide, there is no particular limitation on the shape thereof. In the acicular form advantageous for tfie mechanical 
strength characteristics, the average major axis, the average axial ratio and the BET value are preferably 0.1 ^m to 1 .0 

25 pm. 2 to 20, and 20 m^/g to 30 m^/g. respectively. 

The binders may be any of thermoplastic resins, thermosetting resins, reactive resins, electron beam irradiation 
curing resins and mixtures thereof. 

Examples of the above-mentioned thermoplastic resins include vinyl chloride-acrylic ester copolymers, vinyl chlo- 
ride-vinyl acetate copolymers, vinyl chloride-vinylidene chloride copolymers, vinyl chloride-acrylonitrile copolymers. 

30 acrylic ester-acrylonitrile copolymers, acrylic ester-vinylldene chloride cq^olymers, methacrylic ester-vinylidene chlo- 
ride copolymers, methacryfic ester-etiiylene copolymers, polyvinyl fluoride-vinylidene chloride-acrylonitrile copolymers, 
acrylonitrile-butadiene copolymers, polyamide resins, polyvinyl butyral, cellulose derivatives (for example, cellulose 
acetate butyrate, cellulose diacetate. cellulose triacetate, cellulose propionate and nitrocellulose), styrene-butadiene 
copolymers, polyester resins, polyurethane resins, chtorovinyl ether-acrylic ester copolymers, amino resins, and syn- 

35 thetic rubber thermoplastic resins. They may be used alone or in combination. 

Examples of the above-mentioned tiiermosetting resins and reactive resins Include phenolic resins, epoxy resins, 
polyurethane curing resins, urea resins, melamine resins, alkyd resins, silicone resins, acrylic reactive resins, mixtures 
. of high polymeric polyester resins and isocyanate prepolymers. mixtures of methacrylate copolymers and diisocyanate 
prepolymers. urea-formaldehyde resins and polyamine resins. They may be used alone or in combination. 

40 As tiie binders, the electron beam in-adiation curing resins are also preferably used. Examples thereof include 
unsaturated prepolymers of a maleic anhydride type, an urethane acrylic type, an epoxy acrylic type, a polyester acrylic 
type, a polyettier acrylic type, a polyurethane aaylic type and a polyamide acrylic type; and multifunctional monomers 
of an etfier acrylic type, an uretiiane acrylic type, an epoxy acrylic type, a phosphoric ester acrylic type, an aryl type and 
a hydrocarbon type. They may be used alone or in combination. 

45 Of these, the use of the vinyl chloride copolymers and the polyurethane resins in combination is preferred. 

It is preferred tiiat the vinyl chloride copolymers have a vinyl chloride content of 60% to 1 00% by weight, particularly 
70% to 95% by weight. Such vinyl chloride copolymers include vinyl chloride-vinyl acetate-vinyl alcohol copolymers, 
vinyl chloride-vinyl alcohol copolymers, vinyl chloride-hydroxyalkyl (meth)acrylate copolymers and vinyl chloride-vinyl 
acetate-vinyl alcohol-glyddyl (meth)acrylate copolymers. In particular, a copolymer of vinyl chloride with one kind of 

50 vinyl acetate, vinyl alcohol, an epoxy group-containing monomer, an acidic polar group-containing monomer and an 
amine-modified vinyl group-containing monomer, or with two or more kinds thereof is preferred. 

Preferred examples of the acidic polar groups Include -OPO2Y, -PO3Y and -COOY groups, as well as sulfur-con- 
taining polar groups. Sulfuric add groups and/or sulfo groups are particularly preferred. In the sulfuric acid group and 
the sulfo group represented by -SO4Y and -SO3Y, respectively, Y may be eitiier H or an alkali metal. However, it is fur- 

55 ther prefen-ed tiiat Y is K, namely, these groups are -SO4K and -SO3K, respectively. 

Either or both of the sulfuric acid group and the sulfo group may be contained. When both are contained, the ratio 
thereof is arbitrary In addition, these sulfur-containing polar groups are contained in molecules preferably in an amount 
of 0.01% to 10% by weight, and more preferably in an amount of 0.1% to 5% by weight, as sulfur atoms. 
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The average polymerization degree is preferably from 100 to 900. and more preferably from 200 to 500. Less than 
200 causes deterioration in running durability, whereas exceeding 500 results in lowered dispersibiiity of the paints to 
deteriorate the mechanical strength characteristics. 

The polyurethane resins are generally obtained by the reaction of hydroxyl group-containing resins with polytsocy- 
anate-containing compounds. 

The hydroxyl group-containing resins include polyalkylene glycols such as polyethylene glycol, polybutylene glycol 
and polypropylene glycol; alkylene oxide adducts such as bisphenol A; and polyester polyols having various glycols and 
hydroxyl groups at the terminals of molecular chains. Of these, a polyurethane acrylate rean obtained using the poly- 
ester polyol as one component is prefen^ed. Carboxylic acid components of the polyester polyols include aromatic dicar- 
boxylic acids such as terephthalic add, tsophthalic acid, orthophthalic add and 1 .5-naphthalic add; aromatic 
oxycarix)xylic adds such as p-oxybenzotc add and p-(hydroxyethoxy)benzolc add; aliphatic dicaitoxyllc acids such as 
sucdnic add. adipic acid, azelaic add. sebacic add and dodecanedicarixxylic add; unsaturated aliphatic adds and ali- 
cydic dicaitoxyllc acids such as fumaric acid, maleic acid, itaconic add. tetrahydrophthalic acid and hexahydrophthalic 
acid; and tricart)oxylic and tetracarboxylic acids such as trimellrtic acid, trimesic add and pyromellitic acid. Further, gly- 
col components of the polyester polyols include ethylene oxide adducts and propylene oxide adducts of ethylene glycol, 
propylene glycol. 1 ,3-propanediol. 1,4-butanediol. 1 ,5-pentanediol, 1 ,6-hexanediol. neopentyl glycol, diethylene glycol, 
dipropyleneglycol, 2,2,4>trimethyl-1,3-pentanediol, 1,4-cydohexanedimethanot and bisphenol A, ethylene oxide 
adducts and propylene oxide adducts of hydrogenated bisphenol A. polyethylene glycol, polypropylene glycol and pol- 
ytetramethylene glycol. In addition, triols and tetraols such as trimethylolmethane. trimethylolpropane, glycerin and pen- 
taerythritol may be used in combination with these glycols. Besides, the polyester polyols further include lactone type 
polyester diol chains obtained by ring-opening polymerization of lactones such as caprolactone. 

The polyisocyanates Indude diisocyanate compounds such as 2.4-tolylene diisocyanate, 2.6*tolylene diisocyanate, 
p-phenylene diisocyanate. biphenylmethane diisocyanate, m-phenylene diisocyanate. hexamethylene diisocyanate, 
tetramethylene diisocyanate. 3,3'-dimethoxy-4.4'-blphenylene diisocyanate. 2.4-naphthalene diisocyanate, 3.3'-dime- 
thyl-4,4'-biphenylene diisocyanate, 4.4'-diphenylene diisocyanate, 4,4'-diisocyanatodiphenyl ether. 1.5'-naphthalene 
diisocyanate. p-xylylene diisocyanate, m-xylylene diisocyanate, 1,3-diisocyanatomethylcyclohexane, 1 ,4-diisocyanato- 
methylcyclohexane. 4,4*-diisocyanatodicydohexane, 4.4'-diisocyanatocydohexylmethane and isophorone diisocy- 
anate, and triisocyanate compounds such as a trimer of 2,4-tdylene diisocyanate not exceeding 7 mol% of the entire 
isocyanate groups. 

Such polyurethane resins are obtained by reacting raw materials containing specific polar group-containing com- 
pounds and/or starting material resins which have been reacted with the specific polar group-containing compounds, in 
solvents or without solvents by known methods. 

The polyurethane resins contain sulfur- or phosphorus-containing polar groups. One or more kinds of -SO3Y (sul- 
fonic acid group) and -SO4Y (sulfuric acid group) are preferably used as the sulfur-containing polar groups, and -PO3Y 
(phosphonic acid group). -PO2Y (phosphinic acid group) and -POY (phosphonous acid group) as the phosphorus-con- 
taining polar groups, wherein Y is particularly preferably Na and these polar groups are preferably contained in mole- 
cules in an amount of 0.01% to 10% by weight and particularly 0.02% to 3% by weight as atoms. These may be present 
in main chains or branched chains of skeleton resins. 

The molecular weight is desirably from 5.000 to 100,000. Less than 5,000 causes deterioration in running durability, 
whereas exceeding 100.000 results in lowered dispersibiiity of the resulting paints to deteriorate the mechanical 
strength properties. 

The binders are preferably used in which the vinyl chloride resins are mixed with the polyurethane resins at a mix- 
ing ratio by weight of the vinyl chloride resins to the polyurethane resins of 30:70 to 80:20. 

The content of the binder is preferably 5 parts to 40 parts by weight, and more preferably 10 parts to 30 parts by 
weight, per 1 00 parts by weight of magnetic powder. Less than 10 parts by weight causes deterioration In running dura- 
bility, whereas exceeding 30 parts by weight results in lowered electromagnetic characteristics. 

A variety of polyisocyanates and dilsocyanates can be used as crosslinklng agents for curing the binders, and par- 
ticularly, at least one of tolylene diisocyanate, hexamethylene diisocyanate and methylene diisocyanate is preferably 
used. These aosslinking agents are preferably used as crosslinklng agents converted into those each having a plurality 
of hydroxyl groups such as trimethylolpropane, or as isocyanurate type crosslinklng agents in which three molecules of 
a diisocyanate compound are bonded to one another. The content of the crosslinklng agent is preferably 10 parts to 50 
parts by weight per 100 parts by weight of binder. 

In Older to enhance the mechanical strength of the magnetic layers, non-magnetic inorganic powders such as a- 
AI2O3, CraOa, SIC. TiOg and a-FeaOa are preferably added to the magnetic layers. Antistatic agents such as carbon 
black, lubricants such as aliphatic adds, aliphatic esters and silicones, dispersing agents and antifungal agents may 
also be added thereto as needed. 

The magnetic paints for forming the magnetic layers are prepared by adding solvents to the above-mentioned com- 
pounds. There is no particular limitation on the solvents used, and at least one appropriately selected from ketone sol- 
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vents such as methyl ethyl ketone, methyl tsobutyl ketone and cydohexanone and aromatic solvents such as toluene 
can be used. 

The content of the solvent may be about 100 parts to about 900 parts by weight per 100 parts by weight of solid 
components (the total amount of magnetic powder, various inorganic particles and binder). 

5 

(Compounded Components of Paints for Forming Backcoat Layers) 

The backcoat layers are provided for improving the running properties, the electric conductivity and the light shield- 
ing properties. In general, repeated running of a tape causes an increase in the friction coefficient of the tape on the 
10 surface opposite to the magnetic layer, so that the tension of the tape fluctuates in running. In this case, the tape may 
sometimes suffer from tape damage by contact of the tape with guides. It is therefore prefered that the backcoat layer 
is formed as a means for maintaining the running stability. 

The backcoat layer preferably contains 40% to 80% by weight of carbon black 

Any kind of carbon black may be used as long as it is usually available, and the average particle size thereof is pref- 
15 erably about 10 nm to about 400 nm. For ensuring the running stability, it is preferred that the backcoat layer contains 
one or more kinds of cartx)n black. In particular, when two or more kinds of carbon black are used, it is more preferred 
to use carbon black different In particle size, thereby partially roughening a surface of the backcoat layer. 

In order to enhance the abrasion resistance and the running stability, a non-magnetic inorganic powder or a non- 
magnetic organic powder, as well as cariaon black, may be added to the backcoat layer. The non-magnetic inorganic 
20 powders Include a-Al203 (aluminum oxide), Cr203 (chromium oxide), Ti02 (titanium oxide). SiC (silicon carbide), M0O2 
(molybdenum dioxide), CaCOs. a-Fe203, Si02 and ZnO. The non-magnetic organic powders include graphite, acrylic- 
styrene resins, benzoguanamine resins, melamine resins, polyolefin resins and fluororesins. The particle size thereof 
is preferably about 10 nm to about 1,000 nm. The content thereof is preferably 0.1 part to 20 parts by weight per 100 
parts by weight of caifoon black. 
25 Binders, crosslinking agents and solvents which are used in the back coat layers can be selected from those used 
in the magnetic layers. 

The content of the binder is preferably 15 parts to 200 parts by weight, and more preferably 50 parts to 180 parts 
by weight, per 1 00 parts by weight of the total amount of solid components (carbon black and other particles). Less than 
50 parts by weight leads to shavings of a coated film to cause deterioration in running durability, whereas exceeding 
30 180 parts by weight results in adhesion (blocking) to a surface of the magnetic layer. 

The content of the crosslinking agent is preferably 1 0 parts to 40 parts by weight per 1 00 parts by weight of binder. 
The content of the solvent is preferably about 300 parts to about 1200 parts by weight per 100 parts by weight of 
the total amount of solid components and binder. 

In addition, the backcoat layers may contain lubricants such as aliphatic acids and aliphatic esters, dispersing 
35 agents, antifungal agents and various other additives as needed. 

(Preparation of Magnetic Paints and Backcoat Paints) 

Methods for preparing the magnetic paints for forming the magnetic layers and the backcoat paints for forming the 
40 backcoat layers used in the present invention are described below. 

The method for preparing the magnetic paint comprises a kneading process in wrtch cobalt-containing iron oxide 
and the binder are first kneaded, a dilution process in which the resulting product is diluted with the binder and the sol- 
vent a process of stirring for mixing in which chromium dioxide is added, followed by stirring to obtain a mixture, and 
the solvent is added to dilute the mixture for adjustment, a dispersing process, a dilution process for viscosity adjust- 
45 ment, a crosslinking agent addition process and a filtration process. 

Kneaciinfl Process 

In the kneading process, cobalt-containing iron oxide and the binder are kneaded at a solid concentration of 65% 
50 to 85% by weight. The above-mentioned non-magnetic Inorganic powder may be added thereto as needed, and the 
solid concentration as used in the present Invention means the ratio of non-volatile conponents to the total materials 
used. A solkj Goncentration of less than 65% by weight does not provide sufficient shearing force, so that the filling prop- 
erties of the paint becomes insufficient, resulting in deterioration of the mechanical strength characteristics of the mag- 
netic layer. A solid concentration exceeding 85% by weight generates a hard aggregate, which is not dispersed to cause 
55 clogging of a filter or an increase in drop out. 

In the kneading process, chromium dioxide is not added. Chromium dioxide has a great possObility of ignition under 
the circumstances of high temperature or high pressure, so that it can not be added, taking into consideration the safety 
in the production. 
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Kneaders used in this process include two-roll milis. three-roil nrdils, high-speed mixers, open kneaders, pressure 
kneaders and continuous kneaders, and taking into consideration the strong kneading ability and tfie production effi- 
ciency, internal continuous kneaders and internal high*speed mixers which can conduct continuous treatment in the 
dilution process and the process of stinging for mixing are more preferat>ly used. 

5 

Dilution Process 

In the dilution process, taking Into consideration the addition of chromium dioxide in the subsequent process, it is 
necessary to sufficiently dilute the resulting product with the binder and the solvent. The product is preferably diluted to 
10 a solid concentration of 30% to 45% by weight. A solid concentration of less than 30% by weight results in insufficient 
dispersion, whereas exceeding 4S% 1:^ weight inaeases the danger of ignition after the addition of chromium dioxide 
in the process of stirring for mixing. 

The binder arxi the solvent are fed into a kneader such as a continuous kneader after the above-mentioned treat- 
ment in the kneading process. 

15 

Process of Stamnq for Mixing 

In the process of stirring for mixing, particularly strong kneading force is not required, and a high-speed mixer suit- 
able for stirring is preferably employed. 
20 Chromium dioxide is fed into the high-speed mixer, and sufficient mixing is performed by stinring. Then, the solvent 
is added to dilute the mixture, thereby adjusting the mixture to a viscosity suitable for stinging. 

The dilution is preferably adjusted so as to give a solid concentration of 35% to 50% by weight, and either a solid 
concentration of less than 35% by weight or exceeding 50% by weight results In insufficient dispersion. 

25 Dispersion Process 

In the dispersion process, ball mills, attrlters. sand grinder mills and pin mills are used, and particularly, sand 
grinder mills and pin mills are prefen^ed because of their excellent dispersing ability. 

30 Dilution Propgss for Visppsity AdjMStment 

In the dilution process for viscosity adjustment, the solvent is added for adjusting the resulting dispersion to a paint 
viscosity most suitable for coating. It is preferred that the lubricant is added at this time. The addition thereof before dis- 
persion inhibits the adsorption of the ferromagnetic powder (cobalt-containing iron oxide and chromium dioxide) and the 
35 binder, resulting in insufficient dispersion. 

The backcoat paints for forming the backcoat layers are prepared by known methods using the above-mentioned 
binders for the backcoat layers and various additives. 

(Non-Magnetic Supports) 

40 

Materials for the non-magnetic sipports include various resins, for example, polyesters such as polyethylene 
terephthalate (PET) and polyethylene-2.6-naphthalate (PEN), polyolefins such as polypropylene, polyamides. polyim- 
ides and polycarbonates. Of these, PET and PEN are preferably used, because of their excellent balance between the 
production yield and the mechanical strength characteristics, and particularly, PEN is more preferably used. 
45 For Improving the mechanical strength characteristics (particularly, dynamic buckling strength) and head touch, it 
is prefen'ed that the lateral Young 's modulus (TD) of the non-magnetic support is higher than the longitudinal one (MD). 
The thickness of the non-magnetic support is preferably 3.0 \im to 10.0 ^m. 

(Formation of Magnetic Layers and Backcoat Layers) 

50 

The magnetic layers and the backcoat layers are formed by any of known methods such as gravure coating, 
reverse roll coating and axtrusion coating. 

As to the order of formation of the magnetic layer and the backcoat layer, the backcoat layer may be formed after 
formation of the magnetic layer, the magnetic layer may be formed after formation of the backcoat layer, or both may be 
55 concurrently formed. 

In general, before coating of the paints, surfaces of the non-magnetic supports are often treated by various known 
means such as wet cleaning using water or solvents, dry cleaning using nonwoven fabrics or ultrafine fiber woven fab- 
rics as wipers, and non-contact cleaning using compressed air, vacuum or ionized air, for cleaning and surface adjust- 
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ment. Further, they are subjected to various known non-contact surface treatments such as corona discharge, 
ultraviolet ray irradiation and electron beam irradiation, for improving adhesion of the paints to the non-magnetic sup- 
ports and inrfiroving coating surfaces, in many cases. 

Further, the non-magnetic supports may be coated with undercoating agents such as aqueous undercoating 

5 agents, emulsion undercoating agents and solvent undercoating agents independently or together with the above-men- 
tioned surface treatments for improving adhesion in some cases. 

After coating of the magnetic paints, various treatments such as smoothing of wet fOm surfaces of the magnetic 
paints formed on the non-magnetic supports and coated film regulation may be usually conducted as the subsequent 
process. As smoothing means, known processes can be employed such as contact processes uang films or bars of 

10 resins, metals or ceramics and non-contact processes using vibration caused by magnetic fields or ultrasonic waves 
/generated with permanent magnets or electromagnets. They may be used atone or in combination depending on 
desired characteristics. 

After coating of the magnetic paints, it is desirable that magnetic fields are allowed to act thereon to perform the 
magnetic field orientation treatment while they are not dried yet The magnetic field orientation treatment is conducted 

15 for orientating the magnetic powders in the magnetic layers, and the orientation direction thereof may be longitudinal, 
vertical or oblique to the running direction of the magnetic recording media. Further, in order to orientate the magnetic 
powders in the specified directions, magnetic field generating means, for example, permanent magnets such as fenite 
magnets and rear earth magnets, electromagnets and solenoids are used. These magnetic field generating means may 
be used as a combination of a plurality of them. Further, proper drying may be conducted previously before the orien- 

20 tation or simultaneously therewith so that the highest orientation is obtained after drying. 

Respective coated films of the magnetic layers and the backcoat layers are dried with drying furnaces after coating. 
They may be dried and fixed by known drying and evaporating means such as hot air, far infrared rays, electric heaters 
and vacuum evaporators usually mounted in drying furnaces, or known curing devices such as ultraviolet lamps and 
radiation Irradiation devices. The drying temperature ranges from room temperature to 300^C, and may be suitably 

25 selected depending on the heat resistance of the non-magnetic supports, and the kind and the concentration of sot- 
vents. Further, the temperature gradient may be given into the drying furnaces, and the gas atmospheres in the drying 
furnaces may be general air or inert gases. Drying by use of ultraviolet lamps or radiation irradiation devices causes the 
curing reaction. Considering the after treatment, therefore, other drying means are preferably used as far as possible. 
Irradiation of ultraviolet rays or radiation with solvents contained is sometimes accompanied by ignition or smoking. 

30 Accordingly, also in this case, other drying means may be used in combination as far as possible. 

The coated films (magnetic layers and backcoat layers) thus orientated by the magnetic fieMs and dried are calen- 
dered. They may be calendered either continuously by inline processing or offline processing. Further, the calendering 
treatment with both the magnetic layers and the backcoat layers provided is more preferred than calendering the mag- 
netic layers and tiie backcoat layers, separately, because development of shavings on tiie non-magnetic supports are 

35 prevented in calendering. 

As calendering rolls, combinations of metal rolls and heat-resistant plastic rolls made of epoxy resins, polyesters, 
nylon, polyimides. potyamides and polyimideamides (in which inorganic compounds such as carbon and metals maybe 
kneaded) are used. Further, combinations of metal rolls may also be used. The treating temperature is preferably 80°C 
or more. The linear pressure between tiie rolls nipped is preferably 150 kg/cm or more, and more preferably 180 kg/cm 

40 or more. The treating speed ranges from 20 m/minute to 900 nVminute. 

After such calendering treatment, the curing treatinent for accelerating the curing of the magnetic layers and the 
backcoat layers is carried out. 

The curing f eatment for curing the coated films include heat curing by heating in the rolled-up state, and curing by 
light irradiation of ulti'aviolet rays or electron beams on a line prior to rolling up. The curing by heating in tiie rolled-up 

4S state is conducted at a temperature of SO'^C to SO^'C for 12 to 48 hours. If the temperature is set to less than 50*>C, the 
curing of the coated films is not sufficiently accelerated. On tiie other hand, if the temperature exceeds SO^'C, the mag- 
netic layers and the backcoat layers are disadvantageously adhered to each otiier (so-called blocking) because the 
temperature is set to a temperature higher than tiie glass ti'ansition temperature of tiie binders or the supports consti- 
tuting tiie media. Further, if the treating time is not sufficientiy given, the curing of the coated films is not sufficientiy 

50 accelerated. 

The thickness of the magnetic layers formed after coating of such magnetic paints for forming the magnetic layers 
is established within the range of 0.1 [im to 5 pm, and the thickness of the backcoat layers formed after coating of the 
paints for forming tiie backcoat layers is established within the range of 0.2 ^ to 1 .0 ^m. 

The present invention will be illustiBted with reference to the following examples in more detail. 

55 
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(Preparation of Magnetic Paint for Forming Magnetic Layer) 

1. Kneading Process 

The following composition was kneaded with a kneader for 1 hour to prepare a kneaded product 



Co-Cladding Fe304 


45.0 parts by weight 


(specific surface area (BET value): 35.0 m^/g) 




(average major axis: 0.30 pm) 




(average axial ratio: 10) 




Vinyl Chloride Resin 


2.2 parts by weight 


(MR-1 10: manufactured by Nippon Zeon Co.. Ltd.) 




Polyurethane Resin 


2.2 parts by weight 


(N*2304: manufactured by Nippon Polyurethane Industry Co., Ud.) 




Carbon Black 


0.6 part by weight 


(#3050B: memufactured by Mitsubishi Chemical Corporation) 




a-Al203 


3.0 parts by weight 


Methyl Ethyl Ketone 


7.4 parts by weight 


Methyl Isobutyl Ketone 


3.7 parts by weight 


Toluene 


4.0 parts by weight 


Cyclohexanone 


2.6 parts by weight 



2. Dilution Process 

The following composition was added to 70.7 parts by weight of the kneaded product for dilution. 



Vinyl Chloride Resin 


6.9 parts by weight 


(MR-1 10: manufactured by Nippon Zeon Co., Ltd.) 




Polyurethane Resin 


6.9 parts by weight 


(N-2304: Manufactured by Nippon Polyurethane Industry Co.. Ltd.) 




Methyl Ethyl Ketone 


40.6 parts by weight 


Methyl Isobutyl Ketone 


20.2 parts by weight 


Toluene 


21.8 parts by weight 


Cyclohexanone 


14.4 parts by weight 



3. Process of Stirring for Mixing 

To 1 81 .5 parts by weight of the diluted kneaded product. 55.0 parts by weight of chromium dioxide was added, fol- 
lowed by stirring for mixing with a high-speed agitator for 1 hour. Then, 28.3 parts by weight of solvents were added 
thereto for dilution. 
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wnrorniurn uioxicio 


oD.o paris Dy weigni 


fsoecific surface drea fBET valueV 26 0 rv?Jd\ 




(average major axis: 0.40 pm) 




(average axial ratio: 12) 




Methyl Ethyl Ketone 


11.9 parts by weight 


Methyl Isobutyl Ketone 


5.9 parts by weight 


Toluene 


6.2 parts by weight 


Cyclohexanone 


4.3 parts by weight 



4. Dispersion Process 

After stirring for mixing, the paint was dispersed in a sand grind mill for 6 hours. 

5. Dilution Process for Adjusting Viscosity 

After dispersion, the following composition was added to 264.8 parts by weight of the paint for dilution. 



Stearic Add 


0.65 part by weight 


Myristic Acid 


0.65 part by weight 


Butyl *Stearate 


0.8 part by waght 


Methyl Ethyl Ketone 


24.9 parts by weight 


Methyl Isobutyl Ketone 


12.4 parts by weight 


Toluene 


13.0 parts by weight 


Cyclohexanone 


8.9 parts by weight 



6. Process of Adding Crosslinking Agent 

After adjusting the viscosity. 9.1 parts by weight of a polyisocyanate (Coronate L: manufactured by Nippon Poly- 
urethane Industry Co., Ltd.) was added to 326.1 parts by weight of the paint to prepare a magnetic paint for forming a 
magnetic layer. 

(Preparation of Paint for Backcoat Layer) 



Carison Black A 


100 parts by weight 


(particle size: 23 nm, BET value: 130 m^/g, DBP oil absorption: 64 cc/100 g) 




CartDon Black B 


1.2 parts by weight 


(particle size: 350 nm, BET value: 5 m^/g, DBP oil absorption: 30 cc/100 g) 




Cari3on Graphite 


3 parts by weight 


(particle size: 40 nm, BET value: SO m^/g, DBP oil absorption: 180 cc/100 g) 




Vinyl Chloride Resin 


50 parts by weight 
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(continued) 





Poivurethand Resin 


50 Darts bv weioht 




manufactured bv NioDon Polvurethane Industry Co.. Ltd.) 




5 




1 Dart bv weioht 




(TF-100: manufactured by Toda Kbgyo Corp.) 






Myristic Acid 


1.5 parts by weight 


10 


Stearic Add 


1.5 parts by weight 


Butyl Stearate 


1 part by weight 




fy^ethyl Ethyl Ketone 


550 parts by weight 




Methyl Isobutyl Ketone 


150 parts by weight 


IS 


Toluene 


600 parts by weight 




Cyclohexanone 


200 parts by weight 



Such a paint for forming a back coat layer was sufficiently kneaded with a pressure kneader. dispersed with a sand 
20 grinder mill, and then diluted with solvents. Thereafter, 15 parts by weight of the polyisocyanate (Coronate L: manufac- 
tured by Nippon Polyurethane Industry Co., Ltd.) was added thereto for adjustment, thus preparing the paint for forming 
the back coat layer. 

(Non-magnetic Support) 

25 

Polyethylene-2.6-naphthalate (PEN) 9.1 jun in thickness 
[Young's Modulus: MD = 500 l^mrn^, TD s 1400 kg/mm^J 

(Preparation of Magnetic Recording Medium) 

30 

A surface on the magnetic layer-forming side of a 9.1'^m thick polyethylene-2,6-naphthalate (PEN) support was 
submitted to corona discharge. Then, a surface opposite to the surface submitted to corona discharge was coated with 
the above-mentioned backcoat paint for forming the backcoat layer by use of a gravure cylinder, followed by drying, thus 
forming the backcoat layer. Thereafter, the other surface was coated with the magnetic paint for forming the magnetic 

35 layer by use of a gravure cylinder, and the paint was dried while orientating the magnetic powder in the running direction 
of tiie magnetic reconjing medium (applying a magnetic field of 4000 G in the running direction) in its wet state, tiiereby 
forming the magnetic layer. Then, surfaces of both layers were calendered, and the support having respective coated 
films was once rolled up. After standing for at room temperature for 1 hour, heat curing was conducted at SO^'C for 24 
hours. Then, the magnetic recording medium having a width of 1/2 inch was prepared by the slitting treatment. The 

40 thickness of the magnetic layer was 2.5 \m, and that of the backcoat layer was 0.8 fim. 

EXAMPLE 1 

A magnetic paint for forming a magnetic layer comprising cobalt-containing iron oxide and chromium dioxide at a 

45 weight ratio (wt%) of 45:55 was prepared in the following manner. 

First, cobalt-containing iron oxide and the binders were kneaded at a solid concentration (NV value) of 75% by 
weight by use of a kneader (kneading process), and diluted witii the binders and the solvents (dilution process). Then, 
chromium dioxide was added thereto, followed by stirring for mixing by use of a high-speed agitator (process of stirring 
for mixing). The resulting mixture was further dispersed and diluted for viscosity adjustment. Then, the crosslinking 

so agent was added thereto, thus preparing the magnetic paint. Using ttie above-mentioned paint for the backcoat layer 
and non-magnetic support (tiiickness: 9.1 ^im, material: poIyetfiylene-2,6-naphthalate, lateral Young's modulus (TD): 
1400 kg/mm^. longitudinal Young's modulus (MD): 500 kg/mm^). a magnetic recording medium sample of Example 1 
was prepared as described above. 

55 EXAMPLES g TO 5 ANP COMPARATIVE EXAMPI-ES 1 ANP 2 

Samples of Examples 2 to 5 and Comparative Examples 1 and 2 were prepared in the same manner as with Exam- 
ple 1 with the exception that the weight ratio (wt%) of cobalt-containing iron oxide to chromium oxide was changed to 
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70:30, 62:38, 48:52. 40:60. 75:25 and 35:65. respectively, and the amounts of the binders and the solvents were 
adjusted in each process according to changes in the weight ratio of cobalt-containing iron oxide to chromium oxide. 

EXAMPLES 6 TO 9 AND COMPARATIVE EXAMPLES 3 AND 4 

5 

Samples of Examples 6 to 9 and Comparative Examples 3 and 4 were prepared in the same manner as with Exam- 
ple 1 with the exception that the solid concentration (NV value) in the kneading process was changed to 85. 80, 70, 65, 
90 and 60. respectively, and the amounts of the binders and the solvents were adjusted in each process according to 
changes in the solid concentration. 

10 

COMPARATIVE EXAMPLES 

In Example 1, chromium dioxide was kneaded in the kneading process. As a result, the generation of fumes was 
observed in kneading, so that the preparation of the sample was stopped because of danger. 

IS 

COMPARATIVE EXAMPLES 

In Example 1, cobalt-containing iron oxide was mixed with chromium dioxide, and the mixture was kneaded. As a 
result, the generation of fumes was observed in kneading, so that the preparation of the sample was stopped because 
20 of danger. 

COMPARATIVE EXAMPLE 7 

A sample of Comparative Example 7 was prepared in the same manner as with Example 1 with the exception that 
25 a magnetic paint for forming a magnetic layer was prepared by dispersing the mixture after the process of stirring for 
mixing without the kneading process and the dilution process, wherein cobalt*containing iron oxide and chromium diox- 
ide were used In the process of stirring for mixing, and the amounts of the binders and the solvents were adjusted in 
each process. 

30 COMPARATIVE EXAMPLE 8 

A sample of Comparative Example 8 was pi^epared in the same manner as with Example 1 with the exception that 
the backcoat layer was not formed and the thickness of the magnetic layer was adjusted to 3.3 ^m to make the total 
thickness of the sample equal to that of Example 1. (Measurement and Evaluation) 

35 

Dynamic Buckling Strenoth (Mechanical Strength Characteristic) 
Measuring device 

40 VQ-5, a device for measuring dynamic buckling strength, manufactured by Victor Co. of Japan Ltd. 

Measuring conditions 

Tape feed speed: 3.335 cm/sec 
45 Back tension: 40 g 

The lateral strength of each of the magnetic recording media (VHS-C tapes for 40 minutes) of Examples and Com- 
parative Examples was measured by use of the above-mentioned measuring device under tiie above-mentioned meas- 
uring conditions. 

so 

Tape Damaoe (Mechanical Strenoth Characteristic) 

Using an HV-F220 vid^ deck, a VTR manufactured by Mitsubishi Electric Corp.. a VC-HF430 video deck, a VTR 
manufactured by Sharp Corp. and an NV-SX50W video dedc. a VTR manufactured by Matsushita Electric Industrial Co. 
55 Ltd., the magnetic recording media (VHS-C tapes for 40 minutes) of Examples and Cornparative Examples were 
allowed to run 500 passes under the circumstances of 20^C and 60% RH. The tape damage of each sannple after run- 
ning was visually observed, and evaluated by four stages based on the following criterion. 
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@: No tape damage is observed at all. 

O • The tape damage is little observed, but there is no actual damage on a picture. 

The tape damage is much observed, and there is trouble on a picture. 
X: The tape damage is serious, or there is trouble in running (interruption of running). 

5 

Head Abrasion Loss 

Using an SR-375 video decK a VTR manufactured by JVC Co., the magnetic recording media (VHS tapes for 210 
minutes) of Examples and Conparative Examples were allowed to run for 100 hours under the drcumstances of 20^C 
10 and 60% RH. The abrasion loss of a magnetic head of the video deck after running (a projected amount of the head 
before use - a projected amount of the head after use) was measured with a KY-90 type micron depth-height gauge 
manufactured by Nissho Seimitsu Kbgaku Co. for each magnetic recording medium. 

The standard shall be 6 ^m or less. 

IS Durable Friction Coefficient 
Measuring device 

Shoeshine friction measuring device manufactured by Yokohama SokuteikI Co. 

20 

Measuring conditions 

Tape running speed: 3.335 cm/sec 

Winding angle on a running surface: 180^ (a surface of a backcoat layer) 
25 Number of times of repeated running: 100 times 

The durable friction coefficient {\x) is calculated by the following equation: 

Durable friction coefficient = (1/9)log(X/Xo) 

30 

wherein e » 7c(rad) . Xq is a measured value under a load of 40 g, and X is a measured value after running repeated 
100 times. 

The initial value and the measured value after running repeated 100 times were determined by the above-men- 
tioned method for each magnetic recording medium. 

35 

DO 

Measuring device 

40 BR-7000A, a VTR manufactured by JVC Co. VH01 BZ, a dropout counter manufactured by Shibasoku Co. 

Measuring conditions 

Input signal: 50% white signal 
45 Width: 15 ^sec 
Depth: 16 dB 

Measuring time: 40 minutes 

Using the above-mentioned devices under the above-mentioned conditions, the number of dropouts per minute 
so was measured. 

The standard shall be 35 dropouts/minute or less. 

Electromaonetic Characteristic (Y-S/Nl 

55 Using an UPSF2 noise meter manufactured by Rhode and Schwarz Co. and a BR-7000A VTR manufactured by 
Victor Co. of Japan Ltd., a 50% white signal was recorded and reproduced. The difference from a standard VHS tape 
was measured and represented by dB. 
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Overall Evaluation 

Each magnetic recording medium sample was evaluated by three stages based on the following criterion. 

5 O * ^3 production standard is satisfied, and there is no problem at all. 

a: The production standard is satisfied, and there is practically no problem. 
X: The production standard is not satisfied, or there is practically a problem. 

According to the present invention, the magnetic recording media can be produced which can prevent an inaease 
10 in head abrasion loss, have no problem and are safe with respect to their production, and have very excellent mechan- 
ical strength characteristics (dynamic budding strength and tape damage). 
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Claims 

1 . A method for producing a magnetic recording medium having a magnetic layer mainly composed of a ferromagnetic 
powder and a binder on one surface and a backcoat layer on the other surface, wherein said fen'omagnetic powder 
5 comprises chromium dioxide and cobalt-containing iron oxide within the weight ratio (wt%) range of 40:60 to 70:30, 
and said magnetic layer is formed of a paint prepared by kneading cobalt-containing iron oxide and the binder at a 
solid concentration of 65% to 85% by weight, subsequently diluting the resulting product with the binder and a sol- 
vem, then, adding chromium dioxide thereto, followed by stim'ng to obtain a mixture, and subjecting the mixture to 
dispersion. 

10 
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